INTRODUCTION
Continued advances in the technology of solar photovoltaic (PV) energy conversion are critically dependent on the fundamental understanding of the synthesis and properties of the materials that compose solar cells. Reduced cost, improved conversion efficiency, and long-term reliability are the major objectives of the DOE PV Five-Year Program Plan [l] . Thin-film semiconductor materials and device technologies are key to achieving these objectives. Currently, there are several important classes of thin-film PV materials at various stages of research and development; but, in all cases, there is a lack of understanding of the fundamental scientific issues associated with each of these technologies. Therefore, this program is motivated by the scientific exploration of new solid-state physics as it relates to photon absorption and carrier transport, novel materials synthesis techniques, the characterization and control of defect structures, and, ultimately, designs of new material architectures.
The project is sponsored by the Division of Materials Science (DMS) of the DOE Office of Energy Research (OER) and Office of Basic Energy Sciences (BES) in fiscal year 1996 through its Center of Excellence for Synthesis and Processing of Advanced Materials (CSP).
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CSP-A NEW KIND OF PARTNERSHIP
Recognizing the importance of materials synthesis and processing (S&P) and responding to a national need to strengthen this area of materials science and engineering, the Synthesis and processing are those essential elements of materials science and engineering (MS&E) that deal with (1) the assembly of f atoms or molecules to form materials, (2) the manipulation and control of structure at all levels from the atomic to the macroscopic scale, and (3) the development of processes to produce materials for specific applications. Clearly, S&P represents a large area of MS&E that spans the range from fundamental research to technology. The goal of basic research in this area (which is the primary focus of the Center) ranges from the creation of new materials and the improvement of the properties of known materials, to the understanding of such phenomena as diffusion, crystal growth, sintering, and phase transitions in relation to S&P. On the applied side, the goal of S&P is to translate scientific results into useful materials by developing processes capable of producing high-quality, cost-effective products in an environmentally conscious manner.
The Center's emphasis is on elucidating and applying fundamental S&P principles directed toward the rapid improvement or development and ultimate use of advanced materials. By bringing together synergistic activities and capabilities at the participating institutions in selected focus areas, the Center's goal is to provide added value and impact beyond what can be achieved by the participants working separately. A technology Steering Group-with members from industry and DOE technology program offices-provides the Center with an energy technology and industrial perspective.
The current emphasis of the Center is on seven focused multilaboratory projects that draw on the complementary strengths of the participants in their ongoing research programs. These projects include: (I) Metals Forming, (2) Materials Joining, (3) The high-efficiency photovoltaics project, which is the latest addition to the Center projects, was structured as a result of two planning workshops held in San Jose, CA, and Golden, CO, in fiscal year 1995.
The objectives of this project are to generate advances in scientific understanding that will impact the efficiency, cost and reliability of their film photovoltaic cells by addressing the short-and long-term basic research issues. The overall approach of the project is to effectively couple existing programs in photovoltaics technology to relevant scientific research efforts in the DOE Basic Energy Science mission.
Initially, the project includes 20 collaborative research projects involving the national laboratories and a number of universities currently funded by OERIBESIDMS, the DOE Office of Energy Efficiency and Renewable Energy (EERE), and the Electric Power Research Institute (EPRI). The project focuses on two areas: (1) SiliconBased Thin Films, which will address key scientific and technological problems involving amorphous and polycrystalline silicon thin films, and (2) the NextGeneration Thin-Film Photovoltaics, which will be concerned with the possibilities of new advances and breakthroughs in the materials and physics of PV using non-silicon-based materials. It is intended to complement the more extensive applied PV research program funded by EERE. A strong participation in the project by the National Renewable Energy Laboratory (NREL) serves as the natural point of contact between OERIBES and EERE photovoltaic research efforts and the PV industry.
i~i c Q~-~a s~~
Thin Films
The major emphasis n this area will in amorphous and polycrystalline silicon thin-film materials and devices. The key scientific and technological problem that hydrogenated amorphous-silicon materials have faced during the last 20 years is a light-induced metastabil Wronski effect) that leads to a degradation during operation. This problem can be traced of detailed understanding of the physical and electronic structure and homogeneity of hydrogenated amorphous silicon and how that structure evolves under solar irradiation. New characterization techniques are needed to study atomic coordination, hydrogen content, and microvoid structure. Also, new synthesis techniques based on hot-filament-assisted growth of hydrogenated amorphous silicon appear lo be promising altematives to glow-discharge dep growing materials with a high degree of stability; but t s for this improved stability are not known at present Polycrystalline-silicon th ve strong potential as future PV materials becaus cost and wide availability of silicon. Importantly, thin films of polycrystalline silicon have very different synthesis, microstructure, and defect characterization issues than do thick films or p substrates. Indeed, new solar-cell d been developed in the last 3 fundamentally different approaches to synt processing of polycrystalline silicon on low-cost substrates. These new cell designs, which use much thinner absorber regions, also motivate fundamentally different design and defect characterization problems, as the ratio of physical thickness to absorption length is much smaller than for conventional silicon PV cells. The individual project title and the participating organizations are given in Table 1 .
~e x~-G e n~r a t i o n Thin-Film Photovoltaics
The projects in this area concern the possib new advances and breakthroughs in the materials and physics development of PV using non-silicon-based materials. The tasks in this area are broken into several categories, starting with novel PV device and physics concepts, and new materials systems, with the concurrent requirement of substrates. After defining the new concepts, the second theme is thus concerned with synthesis, materials growth, and material properties issues that may arise from the first phase. An integral part of the research program for Next-Generation ThinFilm Phofovoltaics are interface, defects, and impurity issues, which constitute the third part of this program. Finally, advanced characterization techniques will be required to substantiate the material and physics concepts being proposed for Next-Generation Thin-Film Phofovoltaics. The specific projects in this area are identified in Table 2 .
Project l m~l e m e n~a t~~n
Because no new funding was available, the individual projects identified in Table 1 and 2 will be implemented by restructuring closely related projects that currently are funded mainly by DOE/OEWBES DMS and the PV division of DOE/EERE and, to a limited extent, by other sources of funding like EPRI. The Division of Materials Sciences of OER/BES provides some "glue funding" that is used to encourage collaboration through the exchange visits and workshops. A teaming structure is being developed to ensure closer interaction between closely related projects and to organize team meetings and workshops at some regular intervals. 
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Defect relaxation and metastable defect formation in a-Si:H Hydrogen diffusion in a-Si:H and related alloys Measurement of void structure in a-Si:H,with positron annihilation Atomic-scale understanding and control of H-incorporation in thin-film PV materials
Grain-boundary effects in polysilicon PV devices 
2.
3.
4.
5.
6.
7.
8. 
